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Abstract

For humoral immunization, it may be possible to make effective and safe peptide vaccines for various diseases by selection of proper
B-cell epitopes. However, a lack of T-cell epitopes on short peptides, such as those associated with major histocompatibility complex (MHC)-
restriction, is a major problem for peptide vaccine development. We propose a solution for the design of peptide vaccines that involves
induction of broadly reactive T-cell epitopes via agretopes. The strategy involves positioning multi-agretope type peptides on the N-terminal
side of a di-lysine linker and B-cell epitopes on the C-terminal side. The addition of the arginine-glysine-—-aspartate (RGD)-motif to the N
terminus of the peptide enhances its immunogenicity, and enables nasal immunization without adjuvants.

© 2005 Elsevier Ltd. All rights reserved.

Keywords: RGD-motif; Multi-agretope; MHC-restriction

1. Introduction

The advantage of a peptide vaccine is that it can induce
immune responses to a specific sequence of amino acids.
However, the vaccine peptide must contain at least one major
histocompatibility complex (MHC) binding motif (agretope)
as an antigen, since antigens are presented by the immune
systern as a short peptide that binds to the MHC. Subse-
quently, the T-cell receptors recognize the peptide as a T-cell
epitope on the MHC molecules [1-3]. For a humoral immune
response, a peptide must have B-cell epitopes to induce spe-
cific antibodies and at least one agretope/T-cell epitope for
presentation by MHC class 11 (MHC-11) molecules [1-3].
However, there are over 10 haplotypes of MHC-1! in human
[1] and the agretopes are different for each haplotype. The
MHC-restriction is the most critical impediment to the de-
velopment of peptide vaccines.

A peptide vaccine has another disadvantage. The weak
antigenicity of peptide vaccines dictates a need for use of

* Corresponding author. Tel.: +81 48 458 6286; fax: +81 48 458 6288.
E-mail address: akiray@niph.go.jp (A. Yano).

0264-410X/5 - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.vaccine.2005.01.031

strong adjuvants, such as Freund’s, for induction of antibod-
ies. Several approaches, such as liposome capsulation [4],
MAPs 5], and lipopeptides [6] have been used to elimi-
nate the need for strong adjuvants. We have introduced the
arginine—glysine—aspartate (RGD)-motif into peptide anti-
gens. The RGD-motif is the most representative cell attach-
ment motif seems to enhance the binding of peptides to spe-
cific receptors. Antigenicity of the peptides was enhanced
and nasal immunization by peptides was successful without
adjuvants [7].

We have proposed a design for peptide vaccines that con-
tain the RGD-motif, and the lysine linker (-KK-) that joins
two peptides [7,8]. The lysine linker is the target sequence
of the lyzosomal protease, cathepsin B, which is one of the
important proteases for antigen processing in the context of
MHC-!I antigen presentation [2]. When two peptide antigens
are joined with -K K-, we can avoid induction of antibodies to
the amino acid sequence that is generated by joining of two
peptides and most antibodies are reactive to each peptide [8].
In our previous report, we have noticed a bias between the
peptides, depending upon whether they are on the N- or C-
terminal side of -KK- for induction of antibodies [7]. In this
study, we have investigated the reason for this bias and pro-
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pose the use of the bias as a solution to the MHC-restriction
problem.

2. Materials and methods
2.1. Peptide synthesis

All peptides used in this study were synthesized by a step-
wise solid-phase procedure as described previously [7]. Pep-
tides were verified by MALDI-TOF/MS (Voyager-DETMS
TR work station: Applied Biosystems Foster City, CA) when
necessary. The single-letter universally accepted notation for
amino acids is used throughout the text.

2.2. Immunizations

BALB/c,B10.D2,B10.S, B10.A, and C3H/HeJ mice were
obtained from Japan SLC Inc. (Shizuoka, Japan) and were
used at 6 weeks of age to begin the immunization in all ex-
periments. Groups of four to six mice were immunized in-
tranasally with 50 pg of a peptide, either with or without
1 g of cholera toxin (CT: Sigma-Aldrich, Missouri). A mi-
cropipettor was used to gently instill 4 pL of immunogen-
containing saline solution into the nasal cavities of each
mouse (2 pL into each nasal orifice). Two identical booster
doses were given at 2-week intervals.

One group of mice was primed subcutaneously with
100 g of peptides in 100 wL phosphate-buffered saline
(PBS) either with or without 100 pL Freund's incomplete
adjuvants (FIA: Pierce and Endogen: Funakoshi Co. Ltd.,
Tokyo, Japan). The same subcutaneous booster dose was
given at 2-week intervals.

HA vaccine (split-product virus vaccine) was prepared
from influenza virus A/PR/8/34 (A/PRS8, HIN1) according
to the method of Davenport et al. [9] at the Kitasato Institute
(Saitama, Japan). Groups of BALB/c mice were intranasally
immunized 1 pg of HA vaccine with I pg of peptide or 1 pg
of CT. Four booster doses were given at 2-week intervals,

One week after the last booster dose, animals were bled
and serum samples were prepared from clotted blood by cen-
trifugation and stored individually with Complete™ pro-
tease inhibitor cocktail (Roche Diagnostics Japan, Tokyo)
and 0.05% (w/v) of sodium azide.

2.3. ELISA assays

Protein antigens used for ELISA were BSA, OVA, and
PAc. Recombinant PAc was isolated from Strepfococcus mu-
tans TK 18 as described previously {10]. For the ELISA, 96-
well microtiter H-plates (Sumitomo Bakelite, Tokyo, Japan)
were coated with 2 pg/well peptide or 1 wg/well protein anti-
gen in 100 pL of S0 mM carbonate buffer pH 9.6 and held
ovemnight at 4°C. All assays were performed with alka-
line phosphatase and p-nitropheny! phosphate systems as de-
scribed previously [7]. The ODg4os-620 was measured using

a microtiter plate reader (Multiskan BICHROMATIC, La-
bosystem, Helsinki, Finland). The ELISA antibody titer was
expressed as the reciprocal of the highest dilution giving an
ODyg5-620 of 0.1 unit above that of the control wells without
antigen.

3. Results and discussion
3.1. Investigation of B-cell epitopes

SmU, with the amino acid sequence TYEAALKQ-
YEADL, is a minimum peptide antigen (PAc365-377) for
the induction of antibodies that cross react with the cell sur-
face protein antigen of S. mutans {10]. SmU has both a strong
B-cell epitope and the helper T-cell epitope for H-2¢ hap-
lotype mice, but lacks the T-cell epitope for H-2° haplotype
[11]. OVApis apeptide antigen (OVA323-336: ISQAVHAA-
HAEINE) for induction of antibodies that are cross-reactive
to ovoalbumin, which has strong epitopes for both B- and the
T-cells of H-24 haplotype mice [11]. To investigate the posi-
tion bias of the peptide containing lysine linker, we synthe-
sized the long peptides, SmU-KK-OVAp, OVAp-KK-SmU,
RGD-SmU-KK-OVAp and RGD-OVAp-KK-SmU. We im-
munized mice both nasally and subcutaneously with the pep-
tides, either with or without FI1A. The serum titers to peptide
antigens, PAc and OVA are shown in Fig. ). In all cases, both
SmU and OVAp were good antigens for BALB/c mice (H-
24y and induced antibodies cross-reactive to PAc and OVA.
When we focused on SmU, it was unclear whether the N- or
C-terminal side of -KK- linker was the more favorable po-
sition for induction of antibodies to PAc. This was also true
for OVAp. When the RGD-motif was added to the peptides

S.C.FA

anti-OVA @ anti-peptide O anti-PAc

Fig. 1. Serum titres induced by intranasal and subcutaneous immunization
with peptides. BALB/c mice were intranasally (1.N.) immunized with 50 ug
of RGD added peptides, followed by two booster doses at two-week intervals.
One hundred micrograms of peptide with FIA was used for subcutaneous
(8.C.) immunization and immunization with RGD added peptides without
adjuvant was followed by a booster dose given at a two-week interval. One
week after the last booster dose, serum samples were collected and serum
antibody titres were determined by ELISA. Average serum titers are shown
for anti-OVA (hatched-box), anti-peptide antigen (grey-box) and anti-PAc
(open box) with SD bars for each group.
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and used for nasal immunization, SmU was a stronger anti-
gen than OVAp, independent of its position. Those results
clearly indicated that if both peptides, placed either on the
N- or C-terminal side of -KK- linker, were strong enough as
helper T-cell epitopes, antibody titers were dependent upon
the strength of B-cell epitopes.

3.2. The position of T-cell epitopes and MHC-restriction ‘

The effects of both the position and the strength of T-
cell epitopes in the peptide, including the lysine linker, were
examined. During the screening of SmU from the PAc, we
had analyzed B- and T-cell epitopes of several peptides.
PAc305-318 (NEADYQAKITAYQT) has weaker B- and T-
cell epitopes for H-2¢ mice than SmU. However, unlike SmU,
ithas T-cell epitopes for H-2% mice {1 1]. We have synthesized
two peptides, SmU-KK-PAc305-318 and PAc305-318-KK-
SmU that were used with FIA to subcutaneously immunize
B10.D2 (H-2¢) and B10.S (H-2%) mice (Fig. 2). B10.D2 mice
responded with antibodies to both PAc305-318 and SmU in
response to both peptides. SmuU is a stronger B-cell epitope
than PAc305-318, since anti-SmU titers are always higher
than those of anti-PAc305-318. When we investigated the
importance of the peptide position on either the N- or C-
terminal side of the linker, the C-terminal position was best
for induction of antibodies. B10.S mice produced antibodies
only to the PAc305-318-KK-SmU. In this case, T-cell epi-
topes for H-2° haplotype mice existed only on PAc305-318.
Thus, we could conclude that T-cell epitopes should be placed
on the N-terminal side of -KK- linker. The cause of this phe-
nomenon is not clear. There may be molecular mechanisms
that preferentially achieve MHC-1! loading of peptides that
are placed on the N-terminal side of the lyzosomal digestion
site. Since SmU lacks T-cell epitopes for H-2° haplotype,
B10.S mice could not produce antibodies by immunization
with SmU alone. However, we were able to induce antibod-
ies to SmU by immunization with PAc305-318-KK-SmU.

1% 101 102  10% 104  10% 109

1

PAC -0 ~KK-SmU

SMmU-KK-PAC w26

PAC sor-ats -KK-SmU Eioe

SMU-KK-PAC 3¢

18108

Z anti-PAC «se @ anti-paptide [ anti-Smu

Fig. 2. Serum titres induced by subcutaneous immunization of peptides.
B10.D2 and B10.S mice after subcutaneous immunization using peptides
with F1A followed by a booster dose. Average serum titres are shown for
anti-PAc305-318 (hatched-box), anti-peptide antigen (grey-box) and anti-
SmU (open-box) with SD bars for each group.

This result shows a solution to MHC-restriction and points
to the possibility of developing peptide vaccines for clinical
use.

Thus, T-cell epitopes on the N-terminal side of -KK-
linker were sufficient for induction of the antibodies.
Therefore, if we placed the multi-agretope type peptide,
broadly cross-reactive T-cell epitopes, such as Tl [12],
Gag298-312 (KRWIILGLNKIVRMY)[13], or overlapping
multi-agretope type peptide (OMP: LAVYWELLAKYLL-
DRVQKVA) [7], on the N-terminal side of -KK-~ linker, we
should be able to develop broadly effective peptide vaccines
for human and verterinary use. However, peptides on the N-
terminal side should not induce antibodies. We examined the
ability of those peptides to induce antibodies by immuniza-
tion of several types of mice. OMP and Gag298-312 with
FIA were used to immunize B10.BR (H-2%), B10.D2 (H-
24), B10.S (H-2%), BALB/c (H-29) and CH3/HeJ (H-2%) mice
and those peptides seemed to have very weak B-cell epitopes
(Fig. 3A). Those peptides are suitable for T-cell epitopes in
our peptide vaccines. We have synthesized peptides for in-
duction of antibodies to SmU ((RGD-)OMP-KX-SmU) by
immunization of B10.S mice (Fig. 3B). Intranasal immuniza-
tion with OMP-KK-SmU alone did not induce specific an-
tibodies because of its weak immunogenicity. Immunization
with either RGD-added peptide alone or with CT induced

(A) 100__10' 102103 _10% 10§
B10.BR [GEEE ' ' :
B810.D2
B10.S
BALB/c :
CaH/HeJ : |
 mant-OMP DlantiGag
® 100 19‘ 1Q2 193 194 105
OMP-KK-SmU &

RGD-OMP-KK-SmUEZEE

CT + OMP-kk-smU EEEE

Zanti-OMP Eanti-peptide {T1anti-SmuU

Fig. 3. Effect of multi-agretope type peptide on peptide antigens. (A) Each
group of mice was immunized subcutaneously with FLA, followed by a
booster dose, then specific antibody titres were determined by ELISA. Av-
erage titres are shown for anti-OMP (grey-box), and anti-Gag (open-box)
with SD bars for each group. (B) B10.S mice were intranasally immunized
either with or without CT. Average titres are shown for anti-OMP (hatched-
box), anti-peptide antigen (grey-box), and anti-SmU (open-box} with SD
bars for each group.
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antibodies to SmU. OMP served as a T-cell for MHC-1I of
H-2®% mice in the same way as PAc305-318.

3.3, Application of the design of peptide vaccines

We have applied our design for peptide vaccines to an in-
fluenza vaccine. Several B-cell epitopes were reported that
are involved in neutralization of the experimental strains
of influenza virus A/PR8, HA1 (VTGLRNIPSIQSR) [14]
and M2 (EVETPIRNEWGCRCNGSSD) [15]. We have syn-
thesized peptide vaccines, RGD-Gag298-312-KX-HA1 and
RGD-Gag298-312-KK-M2. In order to obtain high titer of
antibodies, we immunized several mouse strains (data not
shown) and B10.A was found to be the most reactive strain.
Nasal immunization with peptides was repeated five times
and serum titers were measured (Fig. 4A). In all cases, anti-
HA 1 and anti-M2 titers were specifically elevated. When two
peptides were used for immunization at the same time, HA 1
was a major antigen and when CT was used as mucosal ad-
juvant, M2 was major. It may be necessary to use additional
approaches for the induction of antibodies to several peptides
at the same time.

(A) 10! 102 103 104 105 108

RGD-Gag-KK-HAT m};z?ml’: !

o !

RGD-Gag-KK-M2 . - . bt
A L v

RGD-Gag-KK-HAT rzzzy
+RGD-Gag-KK-M2 .

|

CT+RGD-Gag-KK-HA1 bz
+RGD-Gag-KK-M2 _ g

control £

tant-Gag
3anti-RGD-Geg-KK-HAT B anli-RED-Gag-KK.42
@ anteHA1 & anti-M2

(B) 102 09 0l LS

PR ome g s g

SO

peptide+HA vaccine |

CT+HAvaccine ||

HA vaccine || 1

control | }— :

“yanli-HA vaccine

Fig. 4. Intranasal immunization with influenza vaccines. (A) B10.A mice
were intranasally immunized with HA 1 and M2 peptide vaccines, either with
or without CT. Average titres are shown for anti-Gag (open-box), anti-HAl
(light grey-box), anti-RGD-Gag-KK-HA | (hatched light grey-box), anti-M2
(dark grey-box) and anti-RGD-Gag-KK-M2 (hatched dark grey-box with
SD bars for each group. (B) BALB/c mice were intranasally immunized
with influenza HA vaccine (1 pg), with RGD-OMP-KX-OVAp (1 pg), or
CT (1 pg), followed by four booster doses. Average anti-HA vaccine titres
are shown as open-boxes with SD bars for each group.

Our peptide vaccines with the RGD-motif were reported
as being useful adjuvants for nasal immunization [7]. When
soluble proteins, such as BSA or OVA, were used for in-
tranasal immunization with a small amount of RGD peptide
vaccine, antibodies to BSA or OVA were strongly induced.
However, background level antibodies to the RGD peptide
were detected. In Fig. 4B, we have intranasally immunized
mice using HA vaccines either with or without RGD pep-
tide (RGD-OMP-KK-OVAp). The RGD peptide was already
confirmed to be a nasal adjuvant in BALB/c mice [7]. After
a series of five nasal immunizations, serum titers to HA vac-
cine were elevated by addition of the peptide, but the effects
were weaker than when CT was added. In order to develop
clinically useful peptide vaccines and adjuvants, we have to
select for strong B-cell epitopes and develop the methods for
enhancing the adjuvanicity of peptides.

in conclusion, our approach to the design of a peptide vac-
cine enables intranasal immunization without the need for
adjuvant and solves the problem of MHC-restriction. Specif-
ically, the design places the RGD at the N-terminus, a multi-
agretope peptide at the N-terminal side of lysine linker, and
a B-cell epitope at the C-terminus. We suggest that our de-
sign might be universally applicable to the development of
peptide vaccines and adjuvants for intranasal vaccination.
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Abstract. We examined the antimicrobial effects of human B-defensin-2 (hBD-2) on 17 species of oral
streptococci to investigate the involvement of antimicrobial peptide activity in oral microflora develop-
ment and the clinical use of the antimicrobial peptide for oral microflora control. Oral streptococci exhibit
diverse levels of susceptibility to human B-defensin-2 (hBD-2). Two major cariogenic bacterial species,
Streptococcus mutans (S. mutans) and S. sobrinus, were found to be susceptible to the peptide, indicating
that it is a potential therapeutic agent for preventing dental caries. S. mitis exhibited the lowest
susceptibility to the peptide. S. mitis is a major indigenous bacterium in the oral microfiora, and our
results suggest that it might possess a certain resistance mechanism against hBD-2.

In the oral cavity, antimicrobial peptides such as defen-
sin, histatin, and cathelicidin play a pivotal role as a
first-line defense against a succession of invading bacte-
ria [14]. B-defensins are small, cationic, antimicrobial
peptides, and hBD-1, -2, -3 were detected in the salivary
gland, gingiva, tongue, and buccal mucosa [4, 3, 11].
B-defensins exert their bactericidal activity by acting on
the bacterial membrane, and epithelial cells of the oral
mucosal barrier upregulate hBD-2 and hBD-3 upon stim-
ulation by bacterial components or inflammatory medi-
ators [5, 11].

More than 500 different kinds of resident bacteria
form a normal flora in the oral region exposed to the
action of the host defense system [6]. Therefore, we
assumed that commensal bacteria may possess certain
mechanisms of escaping the host immune system.
Furthermore, oral microflora found in each oral region
vary in composition, and antimicrobial peptides could
be one of the determinants of development of normal
oral flora through their activities, We were also inter-
ested in the oral application of antimicrobial peptides
for clinical uses, particularly for prevention of dental
caries [12]. Dental caries are ideal as a model for the
clinical use of antimicrobial peptides, in which the
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peptides are easily and directly delivered to the dis-
eased part.

In this study, we examined the antimicrobial effects
of hBD-2 on several Streptococcus species. This genus
includes two cariogenic species, Streptococcus mutans
(S. mutans) and S. sobrinus, and their total population
comprises the largest percentage of the total population
in the oral region [6].

Materials and Methods

Reagents. A synthetic hBD-2 peptide was purchased from the Pep-
tide Institute (Osaka, Japan). The activity of the peptide was con-
firmed previously {7] and was examined by using an E. coli strain
[FO15044 as the control in this study. The medium used for the
bacterial culture was from Difco (Michigan, USA). Low-melt, low-
electro-osmosis ultrapure agarose (Gibco BRL, USA) was used after
confirming its suitability for antimicrobial assay. Other reagents
used were purchased from Wako or Sigma, unless otherwise spec-
ified.

Bacterial strains and antimicrobial assay. The bacterial strains were
obtained from American Type Culture Collection (ATCC), Gifu
Type Culture Collection (GTC), or Institute for Fermentation
OSAKA Collection (IFO) and are listed in Table 1. To determine the
antimicrobial activity of hBD-2 against various streptococcal
strains, we employed the radial diffusion assay because this method
has been described to be sensitive and to yield reproducible results
[3, 9, 13]. Briefly, bacterial cells precultured overnight were grown
to log phase in tripticase soy broth at 37°C. They were harvested by
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Table 1. Susceptibilities of oral streptococcal strains and E. coli to

hBD-2

MBC? (pg/ml) Strain

<10 E. coli IFO 15044
S. salivarius ATCC9757
S. gordonii ATCC105587
S. sanguinis ATCC105567
S. mutans ATCC251757
S. sobrinus ATCC334787
S. macacae ATCC35911T
S. ferus ATCC334777
S. criceti ATCC196427
S. ratti ATCC196457
S. pyogenes GTC2627
S. constellatus ATCC278237
S. intermedius ATCC273357
S. oralis GTC2767
S. downei ATCC337487
S. agaractiae GTC12347

10<, <100 S. anginosus ATCC333977

100< S. mitis GTC4957

4 MBC, minimal bactericidal concentration.

centrifugation, washed, quickly resuspended in 1% low-melt aga-
rose/10 mM sodium phosphate buffer, and spread onto a culture dish
placed on a level platform to obtain a uniform layer. After the
bacterial layer was solidified, wells 3 mm in diameter were formed
in the layer. The concentration of the peptide in the wells was 0, 1.6,
3.2, 6.3, 12.5, 25, 50, 100, or 200 pg/mL. The resulting diameter of

Clearing { unit}

Clearing { unit)

Clearing ( unit)

Fig. 1. Dose-dependent effects of hBD-2 on several species of oral streptococci. The antimicrobial activity of hBD-2 was determined by the radial
diffusion assay as described in Materials and Methods. Each result is the mean of three experiments, and error bars indicate the standard deviation.

the clear zone surrounding the wells was measured, expressed in
units (0.1 mm = 1 U) and plotted against the logarithm of the hBD-2
concentration [9].

Results

The 17 oral streptococcal strains used in this study are
listed in Table 1. Streptococcus species were classified
into six groups based on serological typing, DNA relat-
edness including finger-printing, and 16S rRNA se-
quences: the pyogenic, anginosus, mitis, salivarius, bo-
and mutans
representative species for each group, which are fre-
quently found in the oral cavity, except for the bovis

vis,

group.

The antimicrobial activity of hBD-2 against oral
streptococci was determined by the radial diffusion assay
with a peptide concentration of 0— 200 pg/mL. With the
range of peptide concentrations assayed, hBD-2 was
found to exert a dose-dependent antimicrobial activity
against all strains of oral streptococci (Fig. 1). However,
their susceptibilities to the peptide varied. To compare
their susceptibilities, we adopted the theoretical minimal
bactericidal concentration (MBC) described by Qu et al.
(13}, which corresponds to the x intercept of the plots,
indicating minimal peptide concentration required to
form a clear zone [13] (Table 1). The most susceptible
species tested was S. gordonii; an hBD-2 concentration
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of 1.6 wg/mL was sufficient to kill this bacterium. On the
other hand, two species, S. anginosus and S. mitis, ex-
hibited low susceptibility to the peptide. In particular, an
hBD-2 concentration higher than 100 pwg/mL was nec-
essary to exert its bactericidal activity against S. mitis.
The low susceptibility of this species to hBD-2 is com-
mon to two strains, S. mitis GTC495T and S. mirtis
ATCC6249, suggesting that this is a characteristic
unique to the species (data not shown). As to its effects
against pathogenic bacteria, hBD-2 effectively exerted
its antibacterial activity against cariogenic bacteria, S.
mutans and S. sobrinus, and against inflammatory bac-
teria, S. agalactiae and S. pyogenes.

Discussion

Our results showed that species of the genus Streptococ-
cus exhibited diverse susceptibility to hBD-2. There was
no correlation between the group of strains and suscep-
tibility. Although in vivo-mimic conditioned experi-
ments that take into consideration the nature of a biofilm
might be necessary, examination of the susceptibility of
panels of bacterial species to antimicrobial peptides is
the first step toward its clinical application [2, 12]. The
bactericidal activity of hBD-2 against S. mutans and §.
sobrinus suggests its potenzial for clinical use, namely, in
the prevention of dental caries.

Our results also revealed that S. mitis and S. angi-
nosus had significantly low susceptibility to hBD-2, in-
dicating that these bacteria may possess a certain resis-
tance mechanism against the bactericidal action of
hBD-2. This peptide is considered to act on bacterial
membranes in a nonspecific electrostatic manner; a cer-
tain molecule that interacts with hBD-2 before it enters
the bacterial membrane could be involved in the resis-
tance mechanism. S. mitis is one of the major bacteria in
the oral indigenous microfiora, and it appears at the
earliest stage after birth in the human oral cavity [6].
Although the relationship between the host immune sys-
tem and healthy normal flora has not been extensively
studied (1], it is rational to consider that indigenous
bacteria may possess a mechanism to overcome the host
defense system, leading to their coevolution.
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Dental Caries and Carbohydrates
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Summary

Dental caries is defined as destructive
phenomenon of tooth induced by direct action of
oral bacteria and its metabolic products. A large
number of observational studies have shown that
there is close correlation between the level of
sugar consumption and the prevalence and
severity of dental caries. Diet may exert an effect
on dental caries by reacting with enamel surface
and by serving as a substrate for cariogenic
bacteria. in this article, the relationship betwegn

dental caries and dietary sucrose is described

according to the evidence <concerning
epidemiological studies and experimental medical
studies including animal and human experiments.
Interrelationship examined by systematic review
between sucrase consumption and dental caries
experienre especially in modern age of fluoride
exposure is also described. Cariogenicity of
sucrose is usually explained by its two major
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characteristics. Sucrose acts as substrate for
sticky water-insoluble glucan production by
glucosyltransferase of mutans streptococci, and
as substrate for organic acid-production by mutans
streptococci and sther oral bacteria. The
prevention of dental caries by xylitol is extensively
investigated using chewing gum, and the
passibility in the prevention of dental caries
induction. is demonsirated. Recently, two
functional carbohydrates, funoran and phosphoryl-
oligosaccharide are developed in Japan. The
chewing gums containing these functional
carbohydrates are approved as "Hoods for
specified health use" by the Ministry of Labour,
Health and Welfare. These chewing gums
promote remineralization of enamel. The caries
preventive éffect of these functional hoods should
be examined in future research.
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